INTRODUCTION {#sec1-1}
============

Colorectal cancer, a major health problem, is associated with significant morbidity and mortality in the western world.[@ref1][@ref2] It is the fourth most common cancer and the second most common cause of cancer death in the USA. Age-standardized incidence rates vary from 23-35 per 100,000 population in North America to 5-15 per 100,000 in the developing countries of Africa and Asia. Rates in Hawaiian Japanese (37 per 100,000) are higher than in any other US population.[@ref3] Moreover, Japanese immigrants to the United States showed an increasing incidence of colorectal cancer both in succeeding generations and close relatives of patients with carcinoma of the colon.[@ref4] African Americans are reported to have higher incidence and higher mortality from colorectal cancers, which might be due to racial differences.[@ref5] However, the disease is uncommon in Africa, Asia and South America suggesting a possible link with a diet rich in animal fat in the developed nations.[@ref6] This epidemiological trend is now changing in Asian countries where the incidence of colorectal carcinomas is on the rise.[@ref7] The global geographic variations in the incidence of colorectal adenoma and cancer are thought to be due to multiple factors, particularly diet and genetics. Hereditary factors play a definite role, but gene-environment interactions are also more important in the pathogenesis of colorectal cancer.[@ref8][@ref9] Epidemiologic investigations have consistently demonstrated a two-to-four-fold increased risk of colon cancer in persons who had a first-degree relative with this carcinoma, as compared to the general population. Overall, 3% to 5% of colon cancer occurs in genetically defined high-risk colon cancer family syndromes.[@ref10][@ref11] On the other hand, approximately 70% of colorectal cancer could be explained by environmental factors, and their identification may prevent the development of colorectal cancer to a greater extent.[@ref12] Other risk factors for colorectal cancer include age over 50, hereditary poly- and non-polyposis colorectal family syndromes, ulcerative colitis or Crohn\'s disease, a diet low in fiber and high in fat and from animal sources, hypertriglyceridemia, physical inactivity, and obesity and high body mass index and body size, type II diabetes mellitus, alcohol, and smoking and others.[@ref13]--[@ref19]

Conversely, the protective factors for colorectal cancers include physical activity, regular exercise, younger age, higher education, hormone (estrogen) replacement therapy, calcium, vitamin D, folate, and some antioxidant vitamins and minerals such as gamma-tocopherol and selenium, nonsteroidal anti-inflammatory drugs, and the most diverse diet including the use of yogurt and resistant starches.[@ref20]--[@ref22] Women whose diet were rich in vegetables had 20 percent lower risks for colon cancer than women who did not consume vegetables. Modifications in life style such as increasing physical activity, reducing obesity and diet rich in high fibers are ways of primary prevention of colorectal cancer.[@ref13][@ref18][@ref21]

Literature on colorectal cancer in the Arabian Gulf countries as a whole is scanty. The Kingdom of Saudi Arabia (KSA) is a low risk country for colorectal cancer.[@ref23][@ref24] Between June 1975 and December 1989, 622 patients were registered with malignant colorectal and anal tumors in King Faisal Specialist Hospital and Research Center, Riyadh. There were 383 males and 239 females and the average ages were 53.5 and 47.8 years, respectively. The majority of patients were Saudis. The single most common site for large bowel malignancy was the rectum. The greatest majority of patients came from either Makkah or Riyadh. Malignant tumors of the large bowel and anus were the 14^th^ most common tumors (3.3%) registered in KSA.

To our knowledge, no study has been carried out in KSA to investigate the correlation between dietary habits and colorectal cancer. Therefore, this study was designed to investigate the association between the Saudi diet and colorectal cancer only.

MATERIAL AND METHODS {#sec1-2}
====================

The sample of this case-control design study consisted of fifty Saudi patients newly diagnosed with colon cancer. They were consecutively selected from the inpatients in King Faisal Specialist Hospital and Research Center (KFSH & RC), a national tumor registry center in the Kingdom. Fifty matched controls were selected consecutively from the outpatients in KFSH & RC. All cases and controls were Saudis over 30 years of age, and represented both sexes. The selection of controls was matched to the cases in relation to both age and sex. A case was defined as a newly-diagnosed colon cancer patient who is free from other chronic diseases such as diabetes, hyperlipidemia, hypertension, cardiac, liver and renal diseases. Female cases were not pregnant or lactating. Controls were free from cancer or chronic diseases, but were patients who attended outpatient\'s clinics of KFSH & RC. The study was approved by the ethical committee of KFSH & RC, and all patients and controls gave informed, written consent to participate in the study.

DIETARY ASSESSMENT {#sec1-3}
==================

The level of intake of energy, fat, and fibers in the diet was assessed for patients and controls using, 1) The 24-hour recall method. Collection of the cases of 24-hour food recall was of the day before they were diagnosed with colorectal cancer. The 24-hour food recall had a table for recording food items, portion size, and details of food and drinks in accordance to the timings, and 2) Food Frequency Questionnaire (FFQ). Both controls and patients were interviewed to assess the dietary habits with particular emphasis on the frequency of consumption of 98 food items per week over the past year.

The Food Frequency Questionnaire was not used to give quantitative estimates of the dietary intake, but a rough estimate of the qualitative aspects of the dietary intake. The 24-hour recall method, however, was used for the quantitative dietary estimate. Although the 24-hour food recall method does not reflect the usual dietary intake, but is a reliable estimation of the usual dietary intake when combined with the FFQ.[@ref25][@ref26] This method is valid if biochemical investigations show that serum values reflect the diet intake during the past 24 hours.[@ref25][@ref26]

STATISTICAL ANALYSIS {#sec1-4}
====================

Data analysis was done using SPSS 14.0 version. Frequency distribution and descriptive statistics for each variable were calculated. The odds ratio (OR) which is the odds of cases exposure divided by the odds of controls exposure and t-test were used to determine the significance of the differences between cases and controls. A p-value less than 0.05 was considered statistically significant.

RESULTS {#sec1-5}
=======

Energy, Fat, Protein, Carbohydrates, and Fibers {#sec2-1}
-----------------------------------------------

The estimated means of energy, fat, protein, carbohydrate and fiber intake from the 24-hour recall were calculated using food composition tables ([Table 1](#T1){ref-type="table"}). Significant differences were observed in males and females for both cases and controls for energy, fat and fiber (p\<0.05). This significance was not seen in their protein intake. Male controls had significantly more carbohydrates than the male cases (p\<0.01); however, there were no significant differences between female cases and controls in this regard (p\>0.5). When the means of combined male and female cases were compared with combined male and female controls, there were significant differences with regard to energy, fat (p\<0.01), carbohydrates (p\<0.5) and fiber intake (p\<0.01), but no such differences in relation to protein intake (p\>0.05). Thus, cases consumed higher calories and fatty foods but their diet was lower in carbohydrates and fibers as compared to controls while there was no difference between the two groups in their intake of protein.

###### 

Mean energy, fat, protein, carbohydrate, and fiber intake for cases and controls (mean ± SD)

![](JFCM-15-57-g001)

Frequency of consumption of food items on weekly basis {#sec2-2}
------------------------------------------------------

[Table 2](#T2){ref-type="table"} shows the frequency of consumption of different food items among all cases and controls on a weekly basis. The foods were classified into two categories, 1) high fat and 2) high fiber foods. Odds ratio of the comparison of the consumption of each food item 2-3 times per week were calculated with never; it was also calculated with the consumption of the food item 4 times and more, compared to 2-3 times.

###### 

Frequency of consumption of different food items on a weekly basis for combined cases and controls

![](JFCM-15-57-g002)

In the high fat food category, the following observations were made. Consumption of lamb increased the risk of having colorectal cancer (OR=13.5, p\<0.01), an increase in the consumption resulted in a further increase in the risk (OR=3.5, p\<0.02). The consumption of chicken with the skin and fried eggs increased the risk (OR=4, p\<0.01) and (OR=4.93, p\<0.01), respectively. However, the consumption of beef reduced the risk of developing colorectal cancer (OR=0.18, p\<0.02).

Consumption of milk was associated with increased risk (OR=9.88, p\< 0.04) and (OR=10.5, p\<0.03). Although the consumption of laban 2-3 times a week did not show any significant risk of having colorectal cancer, its increased consumption to 4 times or above a week resulted in an increase in the risk of colorectal cancer to more than 18 times (OR=18.6, p\<0.01) when compared to having it only 2-3 times a week. Labnah showed the same trend, but its increased consumption to more than 4 times a week resulted in increasing the risk of colorectal cancer to 24 folds compared to 2-3 times a week (OR=24, p\<0.02).

Consuming peanuts, walnuts, and almonds 2-3 times a week did not show any significance.

Yet, their increased consumption to more than 4 times a week resulted in increasing the risk (OR=14.4, p\<0.01). Fried chicken and French fries increased the risk (OR=3.86, p\<0.01) and (OR=0.1, p\<0.01), respectively.

In the high fiber category, the following findings were observed. Consumption of bran 2-3 times per week showed a protective effect against the risk of having colorectal cancer (OR=0.04, p\<0.01). The same trend was seen with breakfast cereals (OR=0.11, p\<0.01), broccoli (OR=0.12, p\<0.02), cabbage (OR=0.21, p\<0.04), banana (OR=0.2, p\<0.01), and grapes (OR=0.23, p\<0.01). However, their increased intake to more than 4 times a week gave no further protection.

Gender and diet effects on the risk of developing colorectal cancer are shown in Tables [3](#T3){ref-type="table"} & [4](#T4){ref-type="table"}. [Table 3](#T3){ref-type="table"} shows the frequency of consumption of different food items by male cases and controls on a weekly basis. In the high fat food category, we observed the following results. Increasing the consumption of lamb to more than 4 times a week as compared to only 2-3 times a week, increased the risk of colorectal cancer in men (OR=19.8, p\<0.01). The consumption of chicken with the skin 2-3 times a week increased the risk in men (OR=4.28, p\<0.04) and fried eggs showed the same trend (OR=7, p\<0.01). Beef, however, reduced the risk when men consumed it 2-3 times a week (OR=0.13, p\<0.04).

###### 

Frequency of consumption of different food items on a weekly basis for male cases and controls
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###### 

Frequency of consumption of different food items on a weekly basis for female cases and controls

![](JFCM-15-57-g004)

Consuming laban 4 times or above a week resulted in increasing the risk of colorectal cancer in men (OR=15, p \<0.02) when compared to having it only 2-3 times a week. The same observations were made on cheese (OR=8, p\<0.02). Fried chicken was also a risk factor (OR=6.11; P\<0.02).

In the high fiber food category, the following findings were observed. Consumption of green pepper 2-3 times a week played a protective role against colorectal cancer in men (OR=0.1, p\<0.02). Any increase in consumption failed to show any stronger protective effect. Bananas followed the same trend as a protective factor in men (OR=0.2, p\<0.01). The consumption of dates was shown to be a risk factor only at 4 times or above per week in men (OR=4.25, p\<0.04).

[Table 4](#T4){ref-type="table"} shows the frequency of consumption of different food items by female cases and controls on a weekly basis. In the high fat food category, we observed that lamb was a strong risk factor in women (OR=44, p\<0.01). Laban was found to be a high risk factor in women only when consumed 4 times or above per week (OR=27, p\<0.04). The consumption of vegetable oil also showed significant statistical differences in female cases and controls as a risk factor at a consumption rate of 2-3 times a week (OR=20, p\<0.02).

In the high fiber food category, the following results were observed. The consumption of Arabic Brown Bread 4 times or above a week gave protection against colorectal cancer in women (OR=0.06, p\<0.04). The consumption of 2-3 times per week was also protective in women (OR=0.04, p\<0.01). The same observations were made on fruit juice (OR=0.14, p\<0.02), banana (OR=0.18, p\<0.04), and grapes (OR=0.07, p\<0.01). However, their increased intake to more than 4 times a week did not increase the protection in women. Overall, the consumption of high fat meat, fried eggs and whole fat dairy products 2-3 times or above per week could increase the risk of having colorectal cancer, while the consumption of whole wheat products, vegetables and fruits at the same rate could play a protective role in both men and women when compared to controls.

DISCUSSION {#sec1-6}
==========

The present case-control study assessed the nutritional status of colorectal cancer patients and investigated the retrospective dietary practices and food intake that might promote colorectal cancer. In an unpublished National Nutrition Survey that was conducted in 1994 among Saudi population, the daily per capita energy, fat, protein and carbohydrate intake was estimated to be 3082 kcal, 145 gm/head, 115 gm/head and 300 gm/head, respectively.[@ref27] These values were higher than what was found in this study among cases as well as controls. Furthermore, according to this study the controls were very close to the per capita intake of fiber for Saudis[@ref27] but the cases had only half of that. These findings could be explained by the timings of the two investigations (1994 versus 2003) and the campaign in KSA in the awareness of the effect of obesity, regular exercise and balanced diet. The projection is that if this trend continues, the incidence and prevalence rates of colorectal cancer might continue to decline in Saudi society.

This study found that increasing the consumption of lamb and red meat was associated with colorectal cancer, which supports the results of other researchers.[@ref28]--[@ref30] Alternatively, decreasing the intake of red meat and processed meat will contribute to a reduction in the incidence of cancers of the digestive and respiratory tracts. However, in this study, the association with beef was not seen, probably because the consumption of beef is uncommon among Saudis. When eaten, it is the lean cuts of beef, which are associated with reduced risks of small colorectal adenomas.[@ref31] Some researchers have reported opposite views[@ref32] of the lack of association of the consumption of red meat with colorectal cancer.

According to this study, the consumption of chicken without skin had no effect on the risk of having colorectal cancer. However, the high consumption of red meat, chicken with skin and fried chicken showed some associations, which is in accord with other studies[@ref33][@ref34] that reported a positive association between the risk of colorectal polyps and the consumption of meat and a negative association with fish or the consumption of poultry/fish. Furthermore, an increase in the ratio of the consumption of red meat to the consumption of fish/chicken was associated with an increased risk in the colorectal polyps. Frequent raw/cooked fish intake may decrease the risk of colorectal cancer.[@ref35] In this study, the consumption of whole milk by the combined cases (62%) was close to the national average of 60%.[@ref27] Interestingly, only 18% of the controls had whole milk; and, in this study the increased consumption of laban (cultured butter milk) resulted in the increased risk of having colorectal cancer. On the other hand, the increased consumption of dietary calcium is reported to inhibit the development of colonic tumors.[@ref36] Similarly, the fermented dairy products with their lactic acid bacteria are considered potential cancer preventing agents in the diet enhancing the cancer fighting ability of the microflora in the gut.[@ref20][@ref37] Our findings might be due to the fact that these dairy products had high fat content. Low fat dairy products have been recently introduced into the Saudi market, especially the cultured butter milk which is known to be a dairy product low in fat.

Our study found that the consumption of almonds and other nuts reduced the risk of colon cancer risk as evidenced in a rat model.[@ref38] Butyrate, a short-chain fatty acid produced in the colon by microbial fermentation of fiber, inhibits the growth of colonic carcinoma cells while inducing differentiation. In the same vein, resveratrol, a plant polyphenol found in peanuts, has been shown to exert chemopreventive properties on colon cancer cells.[@ref39] At a cautious level, our findings also showed that when the intake of peanuts was increased to more than four times a week, there was increased risk of colorectal cancer. This stresses the importance of moderation which is one of the basic recommendations in the healthy diet.

In our study, the consumption of French fries had no effect on colorectal cancer. However, Fung et al[@ref40] found a significant positive association between the western dietary patterns characterized by the higher consumption of red and processed meats, sweets, desserts, French fries, and refined grains with colorectal cancer. On the other hand, Mucci et al[@ref41] found that moderate to high levels of acrylamide were unexpectedly detected in widely consumed food items notably French fries, potato crisps, and bread, which were not associated with large bowel cancer. In findings similar to those in this study, fats and oils were reported to have a link with colorectal cancer.[@ref42] Even vegetable oils, considered to be healthier than animal fats, led to increased risk of colorectal cancer.[@ref43] More importantly, when these vegetable oils are used for frying, they become more saturated and therefore aggravate the risk of having colorectal cancer.[@ref44]

One of the findings of this study is the inverse relationship between the consumption of rich food sources of dietary fiber such as bran, Arabic brown bread, broccoli, bananas, green peppers and other fruits and vegetables versus colorectal cancer which supports the results of previous epidemiological studies.[@ref45]--[@ref50] There are many possible mechanisms of the protection of dietary fiber against colorectal cancer. These include: 1) Shortening the transit time, 2) Formation of short chain fatty acids such as acetate, butyrate, and propionate in the colon upon the fermentation of dietary fiber, 3) Reduction of the ability of bile acids to act as carcinogens by the resistant starch and indigestible oligosaccharides, 4) Suppression of cancer cell proliferation by selenium from cereals which functions as a cofactor for glutathione peroxidase, an enzyme that protects against oxidative tissue damage, 5) The inverse association of folic acid from fruits with cancer of the colon and rectum, 6) Presence of anticarcinogenic components such as carotenoids, vitamin C, resveratrol, flavonoids, organosulfides, isothiocyanates, and protease inhibitors in fruits and vegetables. These mechanisms should be interpreted carefully because an intervention study of a diet rich in fruits, vegetables, and fibers failed to decrease the risk of new colorectal adenoma formation.[@ref51] Surprisingly, our study found that a high consumption of fiber containing dates may increase the risk of colorectal cancer. Since there have been no reports in support of this finding, more studies are required.

This study suggests that the intake of high fiber diets such as whole wheat products, fruits and vegetables might reduce the risk of colorectal cancer while red and processed meat and high fat consumption might increase the risk of colorectal cancer among Saudis. The consumption of chicken without skin, fish and low fat milk might not be a colorectal cancer risk. In view of this study and reviewed literature, we recommend the followings: an education program on nutrition to increase public awareness of the protective role of high fiber diets and limited fat and red meat intakes; the inclusion of education programs on nutrition health promotion activities at primary health care centers; screening of patients more than 50 years of age with average risk factors for the disease. In addition, more studies with larger samples from different regions of Saudi Arabia are needed to determine the effect of dietary factors and colorectal cancer risk.
